INTRODUCTION Jamestown Canyon virus (JCV) is a mosquito-borne
Orthobunyavirus within the California serogroup initially isolated during 1961 from a pool of Culiseta inornata mosquitoes from Jamestown Canyon, Colorado. 1 Jamestown Canyon virus is widely distributed throughout temperate North America and has been isolated in at least 26 species of mosquitos; Aedes and Ochlerotatus species are the primary vectors in the Midwestern United States. [2] [3] [4] [5] [6] [7] [8] Viral transmission occurs through the bite of an infected mosquito.
Human JCV infection was originally described during the 1960s as a cause of minor illness among forest workers in Wisconsin. 9 This perception remained until 1982, when JCV was identified as the causal agent of moderate to severe central nervous system disease, most common among adults. 10 Although human JCV cases are rare, neuroinvasive disease, such as meningitis or meningoencephalitis, is detected among 54-79% of reported cases, and often requires hospitalization. 11, 12 Apart from supportive and symptomatic management, there are no specific treatments for or vaccines available to prevent JCV infection.
During 2011, the Wisconsin Division of Public Health (WDPH) initiated testing for JCV in its surveillance activities as part of the enhanced arboviral disease surveillance. In 2013, arboviral surveillance activities were further enhanced with more routine and comprehensive testing for evidence of JCV infection because of an increase in available funding and resources. We describe the implementation of Wisconsin's enhanced arboviral surveillance program as focused on JCV infections and the clinical and epidemiologic features of JCV disease reported among Wisconsin residents.
METHODS
Enhanced surveillance activities. During 2011, a passive surveillance system was used at WDPH to detect JCV among the California serogroup viruses. The surveillance consisted of some commercial laboratories sending specimens with positive tests for immunoglobulin (Ig) M antibody to La Crosse virus (LACV) or other California serogroup viruses to Wisconsin State Laboratory of Hygiene (WSLH) for repeat serology testing. As arboviral tests may produce false-positive results between unrelated viruses or cross-reactive results between viruses in the same family, genus, or serogroup, all IgM-positive or equivocal WSLH test results were forwarded to the Arboviral Diagnostic Laboratory. Specimens forwarded to the Centers for Disease Control and Prevention (CDC) underwent diagnostic algorithms using IgM antigen capture enzyme-linked immunosorbent assay (MAC-ELISA), immunoglobulin G (IgG) ELISA, IgM microsphere immunoassay, and plaque reduction neutralization test (PRNT). Confirmed laboratory results included a 4-fold or greater change in JCV antibody titer in paired sera and identification of JCV IgM antibody in cerebrospinal fluid (CSF) or serum (acute or convalescent) with appropriate confirmatory testing (positive PRNT). The PRNT was based on the methods described by Lindsey et al. 13 that measured virus-specific neutralizing antibody titers. 14, 15 Positive JCV IgM ELISA with PRNT titer ³ 10 and other arboviral PRNT titers were < 10 was considered to be evidence of recent JCV infection. For samples with a positive JCV IgM but with PRNT titers ³ 10 for JCV and another arbovirus not in the California serogroup, the results were interpreted as a coinfection as long as IgM was positive for the second virus for which PRNT titers were ³ 10. If a sample was JCV IgM positive by ELISA and had PRNT titers ³ 10 for both JCV and LACV, the JCV titer had to be more than 4-fold higher than the LACV titer to be considered to be evidence of recent JCV infection. Differential neutralization testing for California serogroup viruses did not include snowshoe hare virus (SSHV) as LACV is more closely related to SSHV than JCV and is more likely to cause cross-reactive titers, as was previously noted. 16, 17 Probable laboratory results included positive JCV IgM antibody in an acute or convalescent serum specimen without performing PRNT for confirmation. No evidence of JCV infection (negative) was reported if JCV PRNT titers were < 10 in samples collected ³ 7 days after illness onset. Furthermore, serum samples positive for only IgG were suggestive of previous exposure to a mosquito-borne virus.
To increase JCV case detection, the WDPH transitioned into an active surveillance system during 2013 by initiating routine requests-for confirmatory testing at CDC-of specimens positive for LACV IgM and other California serogroup viruses from commercial laboratories. Concurrently, WDPH further enhanced its surveillance by requesting that results of all commercially tested sera positive for arboviral IgG or IgM antibody be reported to WDPH. Testing included a virusspecific MAC-ELISA 18 and PRNT on all IgM-positive serum or CSF specimens.
In 2016, WSLH validated a JCV-specific IgM MAC-ELISA to help improve detection and expedite results. All specimens directly submitted for arbovirus testing and all specimens with positive arboviral tests from commercial laboratories underwent screening at the WSLH for Eastern equine encephalitis virus, Powassan virus (POWV), LACV, and JCV using a virus-specific IgM MAC-ELISA, and for West Nile virus (WNV) and St. Louis encephalitis virus using a microsphere immunoassay; all results were confirmed at CDC. 19 Case detection. During 2011-2016, follow-up investigations were conducted for positive commercial-test results to determine whether the patient had a clinically compatible arboviral illness (e.g., fever, myalgia, meningitis, and encephalitis). The investigation of each suspected case was conducted using a standardized arbovirus case report form. Laboratory-confirmed cases were cross-checked with clinical information reported in medical records. Cases of JCV disease were defined using the Council of State and Territorial Epidemiologists (CSTE) case definitions for arboviral diseases, neuroinvasive and non-neuroinvasive, which defines a case of arboviral disease as meeting clinical criteria and one or more of the laboratory criteria (Table 1) . 20 Confirmed cases were reported to electronic surveillance systems including the Wisconsin Electronic Disease Surveillance System and CDC ArboNET.
Data collection and analysis. For all probable and confirmed JCV disease cases, data were collected regarding residence, gender, age, onset of exposure, mosquito bite and outdoor exposure, travel history, past medical history (e.g., immunodeficiency), signs and symptoms, laboratory data, history of blood transfusion and organ transplantation, hospitalization, length of hospital stay, discharge status, and mortality. Information was gathered on clinical signs and symptoms related to neurological manifestations, in addition to clinical syndromes associated with meningoencephalitis, meningitis, encephalitis, and acute febrile illness.
Study variables were analyzed using Excel spreadsheet (Microsoft version 15.33; Microsoft Corp., Redmond, WA) and TABLE 1 Case definitions of Jamestown Canyon virus disease using an adaptation of the CSTE case definitions of arboviral disease
Clinical criteria
Neuroinvasive disease: requires the presence of the following: Fever (³ 100.4°F or 38°C) as reported by the patient or a health-care provider Meningitis, encephalitis, acute flaccid paralysis, or other acute signs of central or peripheral neurologic dysfunction, as documented by a physician Absence of a more likely clinical explanation Non-neuroinvasive disease requires the presence of the following:
Fever (³ 100.4°F or 38°C) as reported by the patient or a health-care provider Absence of neuroinvasive disease Absence of a more likely clinical explanation Laboratory criteria for confirmed case included either of the following:
Isolation of virus from, or demonstration of specific viral antigen or nucleic acid in, tissue, blood, CSF, or other body fluid Four-fold or greater change in virus-specific quantitative antibody titers in paired sera Virus-specific IgM antibody in serum with confirmatory virus-specific neutralizing antibody titers in the same or a later specimen Virus-specific IgM antibody titers in CSF and a negative result for the other IgM antibody in CSF for arboviruses endemic to the region where exposure occurred Laboratory criteria for probable case Virus-specific IgM antibody in CSF or serum. Probable Neuroinvasive disease: A case that meets the above clinical criteria for neuroinvasive disease and the following laboratory criteria: Virus-specific IgM antibody in CSF or serum but with no other testing. Non-neuroinvasive disease: A case that meets the above clinical criteria for non-neuroinvasive disease and the laboratory criteria for a probable case: Virus-specific IgM antibody titers in CSF or serum but with no other testing.
Confirmed
Neuroinvasive disease: A case that meets the above clinical criteria for neuroinvasive disease and one or more of the following laboratory criteria for a confirmed case listed above. Non-neuroinvasive disease: A case that meets the above clinical criteria for non-neuroinvasive disease and one or more of the following laboratory criteria for a confirmed case listed above. 21, 22 Mean annual incidence rates per 100,000 persons were calculated over the study period using the cumulative average of the total population of Wisconsin and of each Wisconsin county over the study period (Table 2) . Of 30 case patients, six (20%) case patients had evidence of another acute arboviral infection (four had evidence of confirmed or probable WNV and two with POWV) and 20 (67%) had test results that showed cross-reactivity, false-positive IgM results that did not confirm with PRNT, or a previous infection (i.e., IgG antibodies) with another arbovirus (LACV or WNV). Coinfection was confirmed in four patients with neuroinvasive disease (two WNV and two POWV coinfections) and two with a non-neuroinvasive disease (two WNV coinfections).
Geographical distribution. The 30 patients with JCV disease reported during 2011-2016 were residents of 20 Wisconsin counties (Figure 1 ). These included 22 (73%) residents of eastern and central counties of Wisconsin, among whom nine resided in counties that border the Wisconsin River. Eight (27%) patients resided in northwestern Wisconsin counties and no cases occurred among residents of southwestern Wisconsin counties. Among the 20 counties with at least one reported case during 2011-2016, the nine with low population densities had a greater aggregated mean annual reported incidence (1.7 cases per 100,000 population) than the six counties with medium population densities (0.6/100,000 population) and five counties with high population densities (0.3/100,000 population).
Epidemiologic features. Among the 30 patients with JCV disease, 17 (56%) were male, the median age was 54 years (range: 10-84 years), and only four (13%) patients were aged < 20 years (Figure 2) . Outdoor exposure was reported by 22 (73%) patients, and 17 (56%) patients reported mosquito bites. Twenty-four (80%) patients had no travel history outside of Wisconsin during the 14 days before illness onset, indicating that exposure to infected mosquitoes most likely occurred within Wisconsin counties (Table 3 ). Fifteen (50%) patients had neuroinvasive disease and 15 (50%) patients had non-neuroinvasive disease. Among the case characteristics examined, patients with neuroinvasive disease differed significantly from patients with non-neuroinvasive disease only in percentage hospitalized (Table 3) . Patients with neuroinvasive disease did not differ in age or gender when compared with patients with non-neuroinvasive disease. Illness onset occurred more frequently during the summer months; 87% of patients had onsets during June through September and cases peaked during July (Figure 3) . The demographics, location, and clinical syndrome for the six patients with coinfections did not differ significantly from the 24 with evidence of only JCV infection.
Clinical and laboratory features. Fifteen (50%) patients had neuroinvasive disease including meningitis (n = 9) and meningoencephalitis (n = 6). Meningitis was detected more frequently among a younger age group than meningoencephalitis (Table 3) . Among all signs and symptoms examined, only the occurrence of balance disturbances was found to be significantly more frequent in neuroinvasive disease than in non-neuroinvasive (Table 4) . Patients with neuroinvasive disease were hospitalized at a higher rate than those with nonneuroinvasive disease, although median duration of hospital stay was similar (6-7 days). Patients with neuroinvasive disease were discharged to long-term care at a higher rate than those with non-neuroinvasive disease. Patients with neuroinvasive disease experienced central neurological manifestations including headache, neck rigidity, altered mental status, gait/balance disturbances, dizziness, seizures, or tremors. No focal neurological deficits were recorded (Table 4) . Three patients with neuroinvasive disease required mechanical ventilation (Table 3) . A separate comparison of the six cases with coinfection between the remaining JCV cases revealed no significant differences in clinical findings when factoring for neuroinvasive and non-neuroinvasive disease (P = 0.36). There was one death in a patient with neuroinvasive disease; however, we cannot attribute this finding to JCV as the patient was coinfected with WNV. The patient was an 80-year-old female with a clinical diagnosis of meningoencephalitis, exhibiting signs and symptoms of altered mental status, gait disturbance, and slurred speech with elevated CSF counts and hypernatremia. Initial arboviral tests were presumptively IgM positive for LACV, JCV, and WNV; PRNT confirmed recent infection with JCV and WNV.
The following two inflammatory markers were elevated in 15 patients; the median erythrocyte sedimentation rate was in the United States during that interval. 2, 23 Although it is unclear whether the small number of cases reported during 2011-2012, the initial 2 years of Wisconsin's JCV surveillance, was related to limited JCV transmission, results of the current enhanced surveillance suggest that human JCV infection occurs more frequently than previously thought.
Neuroinvasive disease was identified among 50% of the patients, a lower percentage than previously reported. 2 This could have resulted from increased testing and identification of JCV disease among individuals with mild illness or the potential detection of antibodies formed following a recent asymptomatic infection. Wisconsin residents infected with JCV were less likely to have encephalitis than meningitis, a finding which is supported by previous studies.
2 Substantial morbidity was associated with neuroinvasive disease, reflected by the need to hospitalize 73% of such patients. However, because four patients with neuroinvasive disease had a coinfection with another arbovirus, some clinical signs and symptoms and the overall morbidity might have been attributable to or worsened by the other infection. Symptoms of JCV infection are difficult to differentiate from those caused by LACV, which is also endemic in Wisconsin. In comparison to LACV, however, our JCV cases demonstrated that children were less frequently affected, with no cases in children less than 10 years of age and 63% of cases aged > 40 years. [24] [25] [26] [27] The geographic range of JCV is one of the widest among California serogroup viruses, 28 with a slight predilection for more northern states. 2 Enhanced JCV surveillance methods provided a more refined understanding of the geographic distribution. It remains unclear whether the discrepancy in reporting is a result of underreporting or an established geographic niche in Wisconsin. Among Wisconsin counties with reported cases, higher incidence rates were associated with less densely populated counties. Fewer cases were detected within counties with population densities greater than 150 persons per square mile. Rural areas and suburbs, with their typically wooded properties and increasing human populations, are likely important habitats for interaction between people, environment, and arthropod vectors. 29 The wide distribution might be additionally attributed to JCV remaining endemic among white-tailed deer and other freeranging ungulates living in larger areas with flat topography. Jamestown Canyon virus was the most seroprevalent of the three California serogroup viruses (LACV, JCV, and Trivittatus) examined among Wisconsin's white-tailed deer; 77% of the deer sampled had neutralizing antibodies to the virus. 30 In addition, JCV has been identified in 26 species of mosquitoes with different ecological breeding patterns. Although not all species might be efficient vectors of JCV transmission, the fact that several of these species are commonly found to be infected in nature, including Aedes, Ochlerotatus, Culex, Anopheles, and Culiseta species, 31, 32 suggests JCV might have a diverse and potentially broad transmission pattern. Certain mosquitoes (e.g., Aedes stimulans) may be responsible for transmitting JCV earlier during the year, whereas other species may transmit JCV later, creating a bimodal peak in the seasonal distribution of JCV disease. 28 Transovarian transmission may also be a contributing factor in early seasonal occurrence. The range of vectors potentially involved in JCV transmission makes environmental control strategies difficult. In addition, not all the mosquitoes are of woodland type; therefore, avoiding infested areas (wooded area, wetlands, and river banks) alone might not be an ideal preventive measure. In addition to mosquito diversity, most cases of JCV disease in Wisconsin occurred in the summer months (June to September) during periods of active mosquito transmission, and one case was detected in January, suggesting that a life cycle independent of mosquitoes can lead to year-round detection. 30 Our study has several limitations. Medical records review was restricted to inpatient and discharge records; therefore, no information regarding long-term outcome postinfection was obtained. This is particularly relevant for those who had neuroinvasive disease. Moreover, not all hospital charts were complete. Fever or vital signs were not documented in five patients, possibly resulting in misclassification of patient diagnoses. Ultimately, the small number of cases limits generalization of our conclusions. Six of the patients, including four with neuroinvasive disease, tested positive for more than one arbovirus. The contribution of JCV to clinical presentation among these patients is unclear. We also did not perform differential neutralization testing for SSHV relying on LACV PRNTs to note potential cross-reactivity. This could have led to cases being incorrectly classified as JCV versus SSHV. Finally, it is possible that the IgM and neutralizing antibodies detected in some individual's samples might represent previous asymptomatic infection. This might explain a confirmed case reported in January when there is little to no mosquito activity in Wisconsin. Furthermore, this could lead to misclassification and potentially misrepresentation of the signs and symptoms being attributable to JCV infections.
Although there is no specific treatment for JCV disease, obtaining a timely diagnosis can help with determining clinical management or avoiding unnecessary procedures. Improved and timely arboviral disease diagnosis is important to provide more information regarding emerging infections and promoting preventive measures to avoid exposure and infection among residents and visitors of the affected areas. CONCLUSION Although historically considered rare, the relatively high rate of diagnosis of JCV disease among Wisconsin residents compared with rates noted elsewhere in the United States suggests the JCV disease occurrence is widespread throughout Wisconsin and affects a wide range of age groups. The increase in detection of JCV infection and disease in Wisconsin was more likely the result of enhanced surveillance that incorporated sensitive diagnostic methods and complete reporting, rather than the emergence of JCV. Jamestown Canyon virus infections have been likely underreported, which might result from lack of commercially available JCV-related testing, misdiagnosis resulting from cross-reactivity with other arboviruses, and lack of awareness among medical providers and other health professionals. Our enhanced surveillance efforts likely improved diagnosis of JCV disease, increased JCV disease recognition, and decreased rates of false-positive IgM results for related viruses such as LACV in Wisconsin. Through enhanced efforts, surveillance in Wisconsin was better able to quantify the burden and public health impact of JCV disease. for more than 40 years. Davis was passionate about the field of public health and protecting the health of Wisconsin residents. He led many important public health investigations. Davis' contributions to the fields of Infectious Disease, Epidemiology, and Public Health are reflected in his over 250 publications. He was a mentor to many in public health, and a kind and wise friend. * Body temperature was unknown for five patients whose data collection was incomplete (two non-neuroinvasive and three neuroinvasive cases). Although chills were reported in three of these patients, these cases are classified as unknown for fever. In nine patients, data collection was incomplete for laboratory values and physical examination with signs and symptoms.
† P < 0.05 (comparison between neuroinvasive and non-neuroinvasive cases).
